Foot pad dermatitis (FPD), a condition of inflammation and necrotic lesions on the plantar surface of the footpads, is commonly observed in fast-growing broiler chickens and turkeys. FPD negatively affects the welfare of birds, performance indices and the economic profit of poultry meat production. Nutrition is an important factor affecting water intake, excreta moisture and litter quality and, in this way, the occurrence and intensity of FPD in birds. This article reviews and discusses the recent results published in the literature on the effects of nutritional factors on litter quality and FPD severity in broiler chickens and turkeys. Literature data on the efficacy of nutritional methods on the litter quality and FPD occurrence are not consistent. However, the results of several experiments indicate that the optimal level of crude protein, biotin and electrolytes (Na, K) in the diet, as well as feed additives such as feed enzymes hydrolysating non-starch polysaccharides and organic sources of microelements (zinc), may reduce the litter moisture as well as FPD incidence and severity in broiler chickens and turkey.
Introduction
Foot pad dermatitis (FPD) is a condition of inflammation and necrotic lesions on the plantar surface of the footpads, commonly observed at fast-growing broiler and turkey farms (Shepherd and Fairchild, 2010) . Macroscopically FPD appears as brown-black-coloured coloration, and ulcers on the foot skin, with inflammation, hyperkeratosis and necrosis of the epidermis, found in histopathological examination (Greene et al., 1985) . FPD is an important problem of the modern poultry industry, negatively affecting bird's welfare and health status, walking and feeding activity, growth performance, carcass quality and economic profit of meat production. De Jong et al. (2012) found that in the Netherlands, only 35% of broilers are free of FPD, while almost 38% of broilers have severe footpad lesions and 26% have mild footpad lesions. There are many factors influencing the occurrence and severity of FPD, among others the type of litter, stocking density, genotype, sex and age of the birds, ventilation, housing conditions, lighting programme, season or thinning of flocks (Meluzzi et al., 2008; De Jong et al., 2012; Skrbic et al., 2015) ; however, poor quality litter, that is wet litter, is the most important cause of FPD (Mayne, 2005; Youssef et al., 2011a,b; Da Costa et al., 2014; Taira et al., 2014) .
The nutrition of birds is an important factor having an influence on water intake, excreta moisture and litter quality (Francesch and Brufau, 2004; Collett, 2012) and in this way affecting the occurrence and intensity of FPD. Several recent studies have shown that optimisation of the diet composition and the use of chosen feed additives can have a positive influence in this regard. Therefore, the objective of this article was to present and discuss the results of recent experiments on the effects of nutritional factors, that is the dietary level of some nutrients and the use of several feed additives, on litter quality and FPD presence and severity in broiler chickens and turkeys.
Diet composition
The results of the studies on the effects of diet composition and nutrient concentration on litter quality and FPD occurrence in broiler chickens and turkeys are summarised in Table 1 . Several studies have shown that dietary electrolyte (Na, K and Cl) balance is an High biotin diet (1521 lg/kg) positively affected growth performance and reduced FPD severity in chickens kept in high stocking density conditions Sun et al. (2016) important factor influencing excreta moisture and FPD severity in poultry. In particular, as has been found in many studies with broiler chickens and turkeys, high dietary levels of Na and K as well as high dietary electrolyte balance increase water intake and litter moisture (Borges et al., 2003; Ravindran et al., 2008; Koreleski et al., 2010 Koreleski et al., , 2011 Mushtaq et al., 2013; Jankowski and Zdunczyk, 2014) , which in turn is a factor leading to increased FPD severity. The result of the study by Cengiz et al. (2012b) demonstrated that high dietary Na concentration (0.30%) can enhance water consumption and litter moisture and, in this way, lead to increase FPD incidence and severity in broiler chickens. And, Lichtorowicz et al. (2012) reported that a high Na addition (0.25%) to the diet for growing female turkeys increases the occurrence of FPD; however, it was not related to enhance litter moisture.
The aim of the study by El-Wahab et al. (2013b) was to compare the FPD prevalence in young turkeys fed diets containing normal (0.16% Na, 0.78% K) or surplus (0.31% Na, 1.53% K) levels of Na and K. They found that high dietary Na and K increased litter moisture and FPD severity. In their recent study with broiler chickens, Fuhrmann and Kamphues (2016) observed increased litter moisture and FPD severity in broilers fed a diet with a high level of K (1.45%). Similarly, Koreleski et al. (2010) reported that dry matter content of the excreta was negatively affected in broilers by a high K level in the diet (12.7%).
Dietary protein is an important dietary factor influencing litter quality, as excessive protein in a bird's organism is metabolised to uric acid and in this form excreted. For this reason, water consumption and litter moisture in birds increase with an increasing content of protein in the diet. Ferguson et al. (1998) found that a decrease in protein concentration in the diet (from 21.5% to 19.6%) significantly reduced litter moisture in broilers during the period of 22-43 days of age. And, Bilgili et al. (2006) reported that a low-density diet (21.0/19.7% crude protein, 3109/ 3158 kcal/kg, in the starter/grower diet) decreased the incidence of FPD in broilers.
The results of several studies indicate that not only dietary protein concentration but also protein source can significantly affect litter quality and FPD severity (Table 1) . For instance, Nagaraj et al. (2007b) and Cengiz et al. (2013) reported that chickens fed a diet with all-vegetable protein source had higher incidences and severity of FPD than broilers fed with a mixed vegetable and animal protein dietary source. Eichner et al. (2007) also observed increased litter moisture and FPD severity in chickens fed an all-vegetable diet, that is based only on maize and soya bean meal, in comparison with birds fed with the inclusion of poultry by-product (10% in the diet). Similar results, that is significantly enhanced litter moisture in broilers fed an all-vegetable diet, were found by Hossain et al. (2013) .
De Jong et al. (2015) reported that a low energy diet increased litter moisture, as well FPD and hock burns severity in broilers. They speculated that such a negative effect of a low energy diet was due to higher feed intake, that is protein and minerals intake, in this treatment, which was accompanied by increased water consumption and litter moisture, being the important risk factor for FPD and hock burns. Xu et al. (2015) showed that the dietary incorporation of 50% coarse ground corn, due to its ability to modulate gastrointestinal function, reduced litter moisture and nitrogen concentration.
Biotin and zinc, as cofactors of enzymes essential for protein and nucleic acid synthesis, are important for the maintenance of the optimal status of the skin. Therefore, the objective of the study by El-Wahab et al. (2013a) was to evaluate the prophylactic effects of high dietary levels of Zn and biotin levels on the severity of FPD in broilers exposed to critically high litter moisture (35% water). The obtained results indicate that a diet containing, simultaneously, 150 mg organic Zn/kg (Zn-Met) and 2000 lg biotin/kg can reduce the severity of FPD. Youssef et al. (2012) reported that a high biotin or high Zn diet can alleviate the severity of FPD in female turkeys kept on dry, but not on wet, litter. Similarly, Zhu et al. (2012) found in their experiment with white Pekin ducklings that FPD severity decreased with increasing dietary biotin concentration. The results of the recent work by Sun et al. (2016) showed that a high biotin diet (1521 lg/kg) can reduce FPD severity in broilers kept in high stocking density conditions. However, Mayne et al. (2007) reported no effect of increasing dietary biotin supplementation (0, 200, 800 or 1600 lg/kg) on the severity of FPD in growing turkeys.
The possibility of reducing FPD incidence in broiler chickens by diet supplementation with a more highly available Zn source, that is organic Zn complex, was evaluated by Saenmahayak et al. (2010) . They reported that the addition of 40 ppm of complexed Zn to the basal diet (80 mg Zn/kg) decreased the percentage of birds with FPD as well reduced the severity of the skin lesions. Manangi et al. (2012) showed that substitution of inorganic trace minerals (Zn, Cu and Mn) with their organic, chelated forms resulted in a significant improvement in footpad health. And, Hess et al. (2001) found that the severity of FPD was decreased in female broilers fed with a diet containing organic complexes of Zn (Zn-Lys and Zn-Met). However, more recently, Sanfelice et al. (2015) did not find any influence of diet supplementation with organic sources of Zn and Mn on litter quality and FPD incidence in broilers.
The aim of the study by Van der Hoeven-Hangoor et al. (2013) was to evaluate the effect of magnesium source and dietary level on litter moisture. They found that the addition of Mg to the diet of broilers, irrespective of the Mg source, linearly increased the excreta moisture content. The results of the study with broiler chickens by Sun et al. (2013) showed that increased diet supplementation with vitamin D3 (2000 or 4000 IU/kg) positively affected walking ability and reduced FPD severity. In a recent study by Fuhrmann and Kamphues (2016) , a high dietary fat concentration (11%) had no significant influence on litter quality and FPD incidence in broiler chickens.
Feed additives
Several experiments have been carried out to study the influence of different feed additives on excreta Table 2 The results of selected studies on the effects of feed additives on litter quality and footpad dermatitis (FPD) Used additives Duration of the study and studied characteristics Results References
Feed enzyme complex (with activity of protease, cellulase, xylanase, galactosidase and amylase) added to corn-soya bean diet 1-57 days. Growth performance, digesta viscosity, FPD incidence and severity in broiler chickens
Enzyme complex decreased digesta viscosity and mild FPD lesion incidence in chickens fed all-vegetable diets Nagaraj et al. (2007a) Clinoptilolite (a natural zeolite) 1-42 days. Growth performance, litter quality in broiler chickens
Clinoptilolite dietary addition (2%) decreased litter moisture; however, the differences between treatments were not statistically significant Karamanlis et al. (2008) Feed enzymes (with activity of galactosidase, xylanase, protease, amylase, glucanase or mannanase) added to corn-soya bean diet 1-49 or 1-56 days. Growth performance, digesta viscosity, FPD incidence and severity in broiler chickens
No effect of feed enzymes on performance or incidence and severity of FPD Cengiz et al. (2012a) Feed enzymes (mixture of xylanase, b-glucanase, cellulase, pectinase, amylase and mannanase) added to barley based diet.
1-42 days. Growth performance, litter moisture, FPD incidence and severity in broiler chickens
No effect of barley inclusion to the diet (25%) and enzyme supplementation on litter moisture and FPD incidence and severity Cengiz et al. (2012c) Mannan-oligosaccharides (MOS) 14-42 days. Growth performance, FPD severity in female turkeys MOS addition to the diet (1%) had no effect on FPD severity either on dry or wet litter Youssef et al. (2012) Clinoptilolite (a natural zeolite) 1-42 days. Growth performance, litter quality in broiler chickens Clinoptilolite dietary addition (1%, 2% or 3%) significantly decreased litter moisture Nikolakakis et al. (2013) Feed enzymes (mixture of xylanase, amylase, and protease) added simultaneously with probiotic (Bacillus amyloliquefaciens) to wheat/ corn/soya bean-based diet 
Silicon dioxide 1-84 days. Growth performance, plasma, biochemistry, litter moisture, FPD incidence and severity in growing turkey
No effect of silica addition (0.02% of the diet) on litter moisture. Numerically lower FPD severity in birds fed with silica; however, this effect was statistically not significant Tran et al. (2015) Direct-fed microbial and its combination with xylanase, amylase and protease enzyme cocktail 1-42 days. Growth performance, FPD incidence and severity in broiler chickens Probiotic (Bacillus strains) used in combination with feed enzymes reduced FPD severity in comparison with the negative control diet (without antibiotic) Flores et al. (2016) quality (moisture) and FPD incidence in broiler chickens and turkeys. The results of these experiments are summarised in Table 2 . It is well known that the presence of non-starch polysaccharides (NSP), especially water soluble NSP, in the diet is an important factor increasing the viscosity of intestinal digesta and excreta moisture. For this reason, some studies were undertaken to evaluate the effect of diet supplementation with NSP-hydrolysing enzymes on litter quality and severity of FPD in poultry. Nagaraj et al. (2007a) found that the enzyme complex of cellulase, xylanase, galactosidase, amylase and protease added to an allvegetable corn-soya bean diet reduced the digesta viscosity and mild FPD lesion incidence in broilers at 57 days of age. The results of recent studies of Dersjant-Li et al. (2015) and Flores et al. (2016) showed that the diet supplementation with feed enzymes (xylanase, amylase and protease cocktail) in combination with probiotic bacteria decreased litter moisture and reduced the severity of FPD in broilers. However, Cengiz et al. (2012a) reported that the supplementation of a corn-soya bean diet with different enzyme preparations (with activity of galactosidase, xylanase, protease, amylase, glucanase or mannanase) had no effect on litter moisture as well as FPD incidence and severity. Similar results were observed when a mixture of NSP-hydrolysing enzymes was added to the diet containing a high level of barley (Cengiz et al., 2012c) . The results of several studies have shown that diet supplementation with natural zeolites, due to their high water absorbing capacity, can reduce moisture and organic matter content in poultry litter (Ozturk et al., 1998; Karamanlis et al., 2008; Katouli et al., 2010; Nikolakakis et al., 2013) ; however, not in all experiments was such a positive effect of zeolites found (Cabuk et al., 2004) . More recently, Tran et al. (2015) reported that silicon dioxide added to turkeys' diet did not affect litter moisture, but tended to improve results of FPD scoring; however, this effect was not statistically significant. No effect of diet supplementation with 1% of mannan-oligosaccharides on FPD severity in female turkey was observed by Youssef et al. (2012) .
Conclusions
Nutrition is an important factor affecting water intake and litter quality and, in this way, the presence of FPD in poultry. Based on the literature data presented in this paper, it can be concluded that the efficacy on nutritional methods in reducing the severity of FPD is inconsistent. However, the results of several experiments indicate that the optimal dietary concentration of crude protein, biotin and electrolytes in the diet, as well as some feed additives, for instance NSP-hydrolysing enzymes, may reduce the litter moisture as well as FPD severity in fast-growing broiler chickens and turkeys. In particular, it should be stressed that too high dietary level of Na and the use of all-vegetable diets can increase FPD severity in broilers. On the other hand, results of several experiments showed that increased dietary level of biotin and Zn, particularly in organic form, may decrease FPD incidence. Future research should be aimed at more precise evaluating the effect of nutritional methods on FPD occurrence and severity in poultry, and at interactions of nutritional methods with such other, non-nutritional factors as stocking density, season of year and litter material.
